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CORPUS CHRISTI BAY NATIONAL ESTUARY PROGRAM 

The Corpus Christi Bay National Estuary Program (CCB!'.'EP) is a four-year, community 
based effort 10 identify the problems facing the bays and estuaries of the Coastal Bend, and to 
develop a long-range, Comprehensive Conservation and Management Plan. The Program's 
fundamental purpose is io protect, restore, or enhance the qua lity of water, sediments, and 
living resources found within the 600 square mile csruarine portion o f the study area. 

The Coastal Bend bay system is one: of 28 estuaries tha t have been designated as an Estuary of 
National Significance under a program established by the United States Congress through the 
Water-Quality Act of 1987. This bay system was so designated in 1992 because of its benefits 
to Texas and the nation. For example: 

• Corpus Christi Bay is the gateway to the nation's seventh largest port, and h'ome to the 
third largest refinery and petrochemical complex. The Port generates over $1 billion of 
revenue for related busineslies, more than $60 million in State and local taxes, and more 
than 31,000 jobs for Coastal Dend residents. 

• The bays and esruaries are famous for their recreational and commercial fisheries 
production. A srudy by Texas Agricultural Experiment Station in 1987 found that these 
industries, along with other recreat ional activities, contributed nearly $760 million lO the 
loc;1 l economy, with a statewide impact of $1.3 bil lion, tl1at year. 

• Of the approximately I 00 csruaries around the nation, the Coastal Bend ranks fourth in 
agricultural acreage. Row crops - cotton, sorghum, and corn -- and livestock generated 
$480 million in 1994 with a statewide economic impact of $1.6 bill ion. 

• There arc over 2600 documented species of plants and animals in the Coastal Bend, 
including several species that are classified as endangered or threatened. Over 400 bird 
species live in or pass through the region every year, making the Coastal Bend one of the 
premier bird watching spots in the world. 

The CCBNEP is gathering new and histOrical data to understand environmental starus and 
trends in the bay ecosystem, determine sources of pollution, causes o f hab itat declines and 
r isks to human health, and to identify specific management actions to be implemented over the 
course o f several years. The 'priority problems' under investigation include: 

• altered freshwater inflow into bays and esruaries 
• loss of wetlands and estuarine habitats 
• declines in living resources 
• degradation of wat.er quality 
• altered eswarine ci rculation 
• bay debris 
• selected public health issues 

Tbe COASTAL BEND BAYS PLAN that will result from these efforts will be the beginning 
of a well-coordinated and goal-directed future for this regional resource. 

v 73 005 



STUDY AREA DESCRIPTION 

The CCBNEP srudy area includes three of the seven major estuary systems of tl1e Texas Gulf 
CoasL. These esruaries, the Aransas, Corpus Christi, and Upper Laguna Madre are shallow 
and biologically product ive. Although connected, the esruaries are biogeographicaUy distinct 
and increase in salinity from north to south. The Laguna Madre is unusual in being only one 
of three hypersaline lagoon systems in the world. The srudy area is bounded on its eastern 
edge by a series of barrier islands, including the world's longest-- Padre Island. 

Recognizing tl1at successfu l management of coastal waters requires an ecosystems approach 
and careful consideration of all sources of pollutants, the CCBNEP srudy area includes the 12 
coumies of the Coastal Bend: Refugio, Aransas, Nueces, San Patricio, Kleberg, Kenedy, Bee, 
Live Oak, McMullen, Duval, Jim Wells, and Brooks. 

This region is pan of the Gulf Coast and South Texas Plain which are characterized by gently 
sloping plains. Soils are generally clay to sandy loams. There are three major rivers 
(Aransas, Mission, and Nueces), few natural lakes, and two reservoirs (Lake Corpus Chris.ti 
and Choke Canyon Reservoir) in the region. The natural vegetation is a mixture of coastal 
prairie and mesquite chaparral savanna. Land use is largely devoted to rangeland (61 %), with 
cropland and pastureland (27%) and other mixed uses (12%) 

The region is semi-arid with a subtropical climate (average annual rainfal l varies from 25 to 38 
inches); rainfall is highly variable from year to year. Summers are hot and humid, while 
winters are generally mild with occasional freezes . Hurricanes and tropical storms periodically 
affect the region. 

On rl1e following page is a regional map showing the three bay systems rl1at comprise the 
CCBNEP srudy area. 
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Center for Coastal Studies 
Texas A&M University-Corpus Christi 

PREFACE 

CCBNEP Living Resources Report 
Preface 

The summarization and analysis of the li ving resources of the Corpus Christi Bay National Estuary 
Progran1 (CCBNEP) study area has been a rewarding, yet almost overwhelming task. However, 
now that a framework for the 3,178 species, eight major habitats, 49 protected species, and an 
introduced species is intact, ii should become a standard resource tool for managers and scientists 
alike who deal with estuarine living resources within the Texas Coastal Bend. For resource 
managers. it should serve as a status reference of what is currently known, and tO scientists. a 
challenge of what stiU needs to be done in areas of little or no infom1ation. 

The overall organ ization and ecosystem approach of this review is presented as follows: the 
physical setting; the species; the habitats; the target organisms (i.e. species of concern. and trend­
analyzed species); the probable causes of noted trends; and finally, the infom1ation gaps that have 
been identified. 

Although the length of this report (1 ,442 pages in four volumes) is somewhat overwhelming, a 
complete review and presentation of current knowledge was necessary in order to address the many 
items requested in the original scope of work and to de!em1ine the probable catL~es and infom1ation 
gaps required in the contract. To make the document more "user friend ly" to a broader audience, it 
is presented in four volumes, each of which can stand alone: Volume 1 (532 pages) - the main 
body and tel\1; Volume 2 (496 pages) - the avian resources; Volume 3 (1 16 pages)- the project 
summary; and, Yo !tune 4 (298 pages)- the species checklist, discussion. and conclusions. Each of 
these volumes have their own table of contents and literature cited. Likewise, wi thin Volume I, 
major sections can also be "pulled out" in chapter-type format (eg., habitat chapters, protected 
species, etc.) for usc by the CCBNEP management conference members, or others. 

Finally, there will tmdoubtedly be wlintenlional onlissions discovered and refinements that will 
need to be made. Likewise, as new information becomes available, it should be incorporated, if this 
document is to remain as a working insn1unent for managers and researchers within the area. 
Consequenll y, it should be con~idcred for review and update within five, but no longer than ten 
years. 

IX 

John W. Tunnell , Jr. 
January, 1996 
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center ror Coastal Studies 
Texas A&M Un1versity-Corpus Christi 

EXECUT.IVli: SUMMARY 

CCBNEP Living Resources Report 
Executive Summary 

Li,·ing resources within the Corpus Christi Bay National Estuary Program (CCBNEP) study area 
arc recognized as "unique and valuable resources which require protection" (CCBNEP, 1994a). 
'Ill.: 121 k.rn (75 mi) coastline of the Coastal Bend extends across three different bay systems and 
J.:n10nstrates a gradient of north to south climatic and aquatic conditions. The northern Mission­
,\ransas Estuary is brackish and subhumid, with salt marshes, oyster reefs. and fringing grass beds, 
while the southern Laguna Madre is hypersaline and semiarid, with vast expanses of shallow water 
and dense scagrass beds. TI1c Nueces Estuary lies between these sparsely populated areas nnd 
~upports the second largest human population on Texas estuarine shorelines. 

rhe Living Resources Project involved a "holistic" or ecoSYstem level characterization of the living 
resources of the CCBNEP srudy area. This approach required a compilation of all known species 
of the area, as wel l as an examination of their habitats and their ecological roles or funotioning. 
Protected species, designated as threatened or endangered, as well as introduced or exotic species 
were also characterized. Dw·ing and af1er this infonnation gathering and status characterization 
phase of the project, which included extensive review of published and unpublished literarure, a 
linal determination was made on the probable causes of recognized trends in populations of species, 
as well as information gaps about the species or their habitats. 

1\ total of J, 178 species of plants and animals are listed in the checklist (Volume 4) of species from 
the CCBNEP study area estuarine waters and islands. The list includes 836 species of plants from 
seven different divisions, and 2,342 species of animals from 23 phyla. The largest group of plants 
is the diatoms. a phytoplankton group, with 341 species. Of the animals there are 1,418 
invertebrates and 924 vertebrates. Eighty-five percent of all the invertebrates are folllld within three 
major phyla: Arthropoda (insects, crabs, shrimp, etc., 633 species), Annelida (segmented worms, 
with 289), and Mollusca (seashel ls, 230). Vertebrates are dominated by birds (494 species) and fish 
(234), v:ith smaller numbers of repti les (87), mammals (79), and amphibians (30). 

Nationally and internationally renowned taxonomists who reviewed the prepared checklist, as well 
as recent literature on marine biodiversity, indicate that the CCBNEP species list should be 
considerably larger, probably as high as 4,000-5,000 species, or more. There is an obvious lack of 
information on many of the lesser-known or smaller sized groups of marine invertebrates and 
phytoplankton. 

Predominant estuarine and island habitats within the CCBNEP study area include: Open Bay, Hard 
Substrates (jetties, groins, etc.), Oyster Reefs, Seagrass Meadows, Coastal Marshes, Tidal Flats. 
Barrier Islands, and Gulf Beaches. The Open Bay and Seagrass Mcadow habitats have the largest 
number of species and have been the roost studied. Oyster Reefs have many associated species but 
have been lillie studied, except for the oyster itself as a commercial commodity. Hard Substrates, 
Coastal Marshes, and Tidal Flats within the CCBNEP study area have not been studied much. 

The Open Bay and Scagrass habitats have been impacted or altered primarily by dredging, 
channelization, and anthropogenic inputs. Oyster Reefs have been virtually eliminated from 
Nueces Bay by mudshell dredging. but they appear to be doing well in the Mission-Aransas 

xiii 
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CCBNEP Living Resources Report 
Executive Summary 

Estuary. Barrier Islands and Gulf Beaches are mostly affected by commercial development rcla!ed 
to recreation and tourism and by oil spills. 

Target organisms requiring special attention include fishery and avian resources {the only groups 
amenable to trend analysis), "protected species", and exotic or introduced species. Fishery 
resources were characteri7..ed via fishery dependent data acqu.ired and analyzed from Tex.as Parks 
and Wildljfe annual reports between 1972 and 1993, which revealed trend shifts of dockside 
commercial landings in shrimp and fish, but fairly consistent crab harvests. Shrimp harvest more 
than tripled from I .8 million pounds in 1972 to 6.0 million pounds in 1993, while finfish harvest 
diminished. Changes in consumer demand and fishery regulations make it diffjcult to determine .if 
changes harvest trends rcnect changes in population abundances. Other trends in the commercial 
fishery, as well as recreational fishery arc evident, and can usually be correlated with regulatory 
changes. Impacts to the fishery have been caused by opening and closing barrier island inlets, 
freezes, algal blooms, hypcrsalinity in the Laguna Madre, rainfall and floods, and hurricanes. 
Current management and conservation issues include harvest regulations, water management. 
finfish stock enhancement, and coastal zone managernenL 

Avian resources of the CCBNEP study area include 494 species of birds, which were characterized 
utilizing three datasets for historical trends, the Texas Colonial Waterbird Counts, and two National 
Audubon Society Christmas Bird Counts: Aransas National Wildlife Refuge (38 years) and Corpus 
Christi (31 years). Although no overall trends for aU birds collectively were identified, positive, 
negative, and neutral trends were determined for individual species. Over 400 trend analyses were 
run on the various species, and I 0 I spcties or groups are discussed individually with reasons for 
trends suggested. Colonial nesting waterbirds generally have decreasing nesting populations and 
stable or increasing winter populations. Loss and degradation of nesting habitats, and disturbance 
by humans arc cited as causes for negative trends. Positive trends seen in most wintering waterfowl 
are generally attributed to increased national populations and available habitaL Stable to positive 
trends are seen with most shorebirds. Neotropical migrants within the CCBNEP study area mostly 
show stable to positive trends, although these data must be used with caution since the US Fish and 
Wildlife Services has declared major downward trends in many species nationally due to loss of 
habitat throughout their range. 

forty-nine ~-pecics within the 12-county CCBNEP study area are Federally Listed as Endangered, 
Threatened, or Candidate species. Nineteen of these live in estuarine areas, including one plant 
(roughsecd purslane), five sea turtles (Kemp's ridley, loggerhead, green, hawksbill, leatherback), 
one marsh turtle (Texas diamondback terrapin), one marsh snake (Gulf Coast salt marsh snake), and 
II birds (Brown Pelican, Reddish Egret, White-faced Ibis, Whooping Crane, American Peregrine 
Falcon, Piping Plover, Western Snowy Plover, Eskimo Curlew, Interior Least Tern, Loggerhead 
Shrike). The Whooping Crane and Brown Pelican show increasing population trends due to 
intensive management, while others are decreasing for various reasons, usually habitat degradation 
or loss. The status and trends of endangered, ~1uarine-obligate birds (Whooping Crane, Brown 
Pelican, Piping Plover, Interior Least Tern, and Eskimo Curlew) and sea turtles arc ~-ummari2cd. ln 
most cases, there is insufficient information to establish the status or trends of other species. 
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CCBNEP Living Resources Report 
Executive Summary 

Of the exotic or introduced species, only the edible brO,\n mussel is found in coastal waters, but the 
ftre ant is also established on dredge material islands, occasionally impacting nesting success of 
colonial waterbirds. 

The most widely cited probable causes of declining trends in certain species or groups. of the 
CCBNEP study area are degradation and loss ofhabiiat. Within the estuary, dredging has probably 
been the single largest cause of negative impact. llowever, some beneficial uses of dredging 
activity include lower salinity due to better circulation in the Laguna Madre and creation of colonial 
nesting waterbird habitat on dredge material islands. Most recenily, habitat creation, restoration, or 
enhancement is beil1g at1empted with some dredge material. On tbc land agricultural, indust11a1, 
and municipal activities have caused the most degradation and loss of habi tat. Increasing trends in 
human population levels in the Coastal Bend will likev.<ise increase environmental stresses to 
natural populations, such as freshwater demand, increased liquid and solid waste, and habitat 
stresses. 

SIUnmarization of knowledge gaps indicates that more appears to be known about the phy~ical 
environment than the biological component of the CCBNEP study area. Least is known about the 
ecological processes and linkages between systems, as well as the biology and taxonomy of the 
srnaller-Si7.ed, lesser-known invertebrates and plants. Especially lacking arc long-term datasets 
which are necessary for scientists and managers alike LO monitor and identify trends in natural 
populations, other than birds and fish. 

XV 
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Table ll. 1. Major and minor bays and coastal lakes within the CCBNEP study area. 

Aransas Estuary 

Aransas Bay 

Carlos Bay 

Copano Bay 

Little Bay 

Mission Bay 

Mission Lake 

*Mesquite Bay 

Port Bay 

South Bay 

Salt Lake 

St. Charles Bay 

Sundown Bay 

Swan Lake 

Nueces Estuary 

Corpus Christi Bay 

Nueccs Bay 

Oso Bay 

Redfish Bay 

Sunset Lake 

Baffin Bay-Laguna Madre 

AlazanBay 

Baffin Bay 

Cayo del Grullo 

Cayo del Infemillo 

Laguna Salada 

Upper Laguna Madre 
' 

• !l•lesquite Bay is nonnally considered pan of the San Antonio Bay system, but it is included 
herein as part of the CCBNEP study area. 

To the north, Cedar Bayou lies between Matagorda Island and St. Joseph Island and connects 
Mesquite Bay, the most northerly part of the study area, with the Gulf of Mexic.o. Historical 
records reveal Cedar Bayou has a!Lematcly opened and closed (Brown et al., l976b). 

At the most northerly and southerly ends of the CCBNEP study area. Mesquite Bay connects with 
A )'TCS Bay and the San Antonio Estuary; upper Laguna Madre connects via the Intracoastal 
Waterway through the Land-Cut to Redfish Bay in the lower Laguna Madre system. Details of 
each of the three csn•arine systems within the CCBNEP study area are presented in figure 11.3 
(Aransas Estuary), Figure 11.4 (Nueces Esmary), and Figure ll.S (Upper Laguna Madre). 

In tenus of Pritchard's (1967) geomorphic classification of estuaries Copruto, Nueces-Corpus 
Christi, and Baffin Bay, which are all perpendicular to the coastline, are coastal plain estuaries, 
composed of drowned river valleys. Aransas and Redfish bays and upper Laguna Madre are all 
considered bar-built estuaries and are oriented parallel to the coast. Pritchard ( 1967) defines an 
estuary as "a semi-enclosed coastal body of water having a free connection to the open sea and 
\\ithin which sea-water is mea.~urably diluted with fresh water derived from land drainage". This 
definition applies well with the Mission-Aransas Estuary and the Nucces Estuary, but is not always 
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Table 11.2. Areal coverage of major water bodies within CCBNcP study area at mean low water 
(from Diener, 1975). 

Svstem/Bay -2 
lUI km2 Acres Hectares 

Aransas Estuary 188.2 486.4 11 9,960 48,547 

Aransas Bay 88 228 56,220 22,752 

Copano Bay 65 169 41,740 16,892 

Mesquite Bay 13 33 8,080 3.270 

Mjssion Bay 6 IS 3,760 1,522 

Mission Lake 0.2 0.4 100 40 

Port Bay ' .) 7 1,650 668 
St. Charles Bay 13 34 8.410 3.403 

Nueccs Estuary 167 434 106,990 43,298 

Corpus Christi 13ay 11 5 299 73,820 29,874 

NuecesBay 29 75 18,470 7,475 

Oso Bay 8 21 5,070 2,05~ 

Redfish Bay 15 39 9,630 3,897 

Baffin Bay/Upper Laguna Madre 159 410 101,370 41,022 

Aht7AD Bay 22 56 13.860 5,609 

BafTmBay 50 129 31,870 12,897 

Cayo del Grullo 7 18 4,470 1.809 

Cayo del I nfemi llo 
, 
.} 700 283 

Laguna Salada 5 13 3,230 1,307 

Upper Laguna Madre 74 191 47.240 19.117 

CCill\'EP Study Are3 514.2 I ,33D.4 328,320 132,867 
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I me for the Uaflin Hay-upper Laguna Madre ~)stem. ll\:causc it usual!) is not measumbly diluted 
\\ith freshwater mnoff and iLS connections to the open ~ca an: remote (t\ransas ;mtl f'v h111s lidd 
passes). 

Ahcmativcly, Emery and Ste,·enson ( 1957) define two types of estuaries based upon tidal anJ 
sa linity li!a turcs; ( I ) 11 normal or "posi ti ve" ustuary and (2) an hypersaline or "negmivc" cstuary. 
Characterized by upstrcam sal inities lowered by adequate river inl1ow and mixing. the l'v!ission­
i\ransas Estuary and i'\ueces Estuary are nonnal est\taries. The Uaflin Bar-upper Laguna Madre 
system. however. is of the latter type. being characterized by ~rid climatic contl itions. rnor l~nd 
n.moiT. limited tidal influence. nnd salinities routinely higher than thosc or the adjacent \lt:con. 

13. Ori' ing Forces and lluman lnnuence 

I h.: principnl driving lorccs that dctt:rmitll.: the hahitnt and community stntctLin.:. as wd l us 
biological processes. in th..: CCBNFP estu:ui..:s an!: (I) lrcshwah:r inllo": (2) h:~sin physiogmphy: 
(3) s~.--:~sonal cha11gcs 1n nutrient supply ;md :1\ailahilny: Hl 'hon· and long-tcnn salinit~ 
fluc tunll(lns: (5) wind- inllu.:nccd currents, tides. and ~cdimentologic; d pro~c~scs: (6) asu·onnmi(;al 
and seasonal tidal influences: and (7) hurricanes ( J !ayes. I %5: 1\ lunnn ;mLl \ !cGowcn. I 9SO: I' lim 
and Younk. I 98.3: Livingston. I 984: Anmtrong. 1987: !\ !ontagua and Kall-c. I 992). 

tv!onon and McGowen ( 1980) review proc~~scs operm i n~ in Texas bays. noting that "bays arc a 
transi tion between continental ;md marine environments". At ti mes thC) are dominated by their 
associated llU\ in! sy~tcms. hut during droughts. they become dominated by marine clcn1ents. 
!'hysical processes operating within the bays can be Jivided into (\\O categories. those thm arc 
nctivc dai ly throughout the year. $11Ch as tides. winds. waves, etc .. <1nd thoSt.: tlmt are seasonal and 
arc of !>hort duration. but high intensity. such as large "imcr stonns or hurricanes (!\Ionon ;md 
1\ lcGo,wn. 1980). 

Human innuences wi thin the CCBNEP sllldy area arc grc:atest around the moderately populated 
and industrialized shores of llu.: Nueces Estuary and to a h:sser extent around the other two estuarine 
systems. In general. the local economy is based upon agriculture, r~nching. (li l and gns. spon and 
commercial fishing, and tourism (J)icner, 1975: Brown et al.. 1976. 1977: McGowen ct al.. 1976). 

Initial priority probkms (CCBNEP 1994a) or pre' iously identified human influences (Ditmer. 
I 975) affecting living nJtural resources include: 

I. reduced freshwater in !low 
1. degradation ofwntcr quality 
3. destruction or loss of wetlands and other critical hubi tms 
4. altered estuarine circulation from channel ization and disposal of dredge material 
5. point source and non-point source pollution 
6. bay debris 
7. persistent brown tide and periodic red tides 
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Most of these issues will be addressed by specific work-projects during the Year-! charact<!rization 
phase o r the CCBNEP. Ever increasing human population levels nnd uses of the esnmrics will also 
be addressed during this time frnmc. The specific impact of these issues on the li\'ing r~sources 
11~th in the CCB~EP study area are dealt "ilh in Section 5 oflhis repon. 

C. Geologic llistory 

The geomorphologic structures of most estuaries arc ephemeral in terms of geological time. 
Climatological forces or fac tors arc continuously at work shaping. and r~shaping the basin featur~s. 
Chanlctcristics of lhe present CCB:>IEP smdy art:a ar~ dependent upon current and past interactions 
and linkages between upl:md drainages, the o~lshore marin-: system. and the dynamic geologic 
history of t he Texas coast. 

The environmcmal geology of the Texas coast has been uniqudy and th\lroughly chnractcrized by 
the 13tll'eau ofEcnnomic Geology (13 1~0). University of Texas at Atrstin. During. a mul ti-year effort 
in the 1970's. this agency produced s.:1en volumes entitled lhe F.l!t'iromu..'mal Geulogtc .~tlll.l ufthe 
Texas Coaslal Zo111:. E:~ch of the ,·oltunes. covering S<!lcn different areas of the coast. consist or a 
book and nine tlcwiled map:;. 'I he text cowrs the geology, geologic history, climate, coastal 
processes. human impact. and inforrnation about each map. Maps include a large I : 115.000 scale 
map un the erwironmenml geology of each area, and eight smaller maps at I :250.000 scale 
covering: physical propc:ttics; crwironment~ l and biologic assemblages: current land use; mincrol 
and energy resources: active proccsl>.:S: man-made features and water systt:ms: rainfall, stream 
discharge. anti surf:Jc~ s:tlinity; and topogmph) and bathymetry. Thb SCI of \'Oiumcs and lhe 
rollow-up Sulu1n·rg<:d l.tmds of Texa.~ produced during the 1980's tO\'Cring the s~mc area~ with 
tlctailcu licld sampling ual<r pwvidc Texas wi th pos..~i bly tht: best documcmed/charac tcriLcd coastal 
L.Onc in the United States. Three oftlu:sc BEG I'Oiumes in each set cmcr the CCB~FP study area 
either all or in part: al l o l'thc Corpus Christi Area books (Brown ct al.. 1976: Whi te c l al.. 1983). 
thL· southern part of the l'or1 l.avnca Area (McGowen c l al.. 1976: \\·11itc ct al. . 1939a). and the 
northern pan of the Kings1ille Area (13rown ct al.. 1977: White cl al.. 1989b) 

l'hc present l'cxas coastlim: is primarily a product ol' Pleistocene and Recent (i.e .. l lolnccnc. 
Modem) gcohlg.ic history. ·nlc Pleistocene icc age includ<..'tl owr one million years or complex 
glaci;~l and intcrgl<u.:ial climatic ;~ml sea-level ch<mgcs (Brown ct al .. 1977: Fig. 1!.61\). It consisted 
t> l' ut least four' m:\ior ~lacial episodes separated hy wann..:r interglac ial periods. Sea kvcls during 
the l'lcistocen.: r:mgcd from 91 - 137 111 (300-450 li.) l011er than present during glaciation when 
waLL'!' was tTilpped in grc<rt. continental icc ~heels to near present lcn·b during interglacial. w:mn 
periods {Brown ct al. , I <J77). 

One dominant physiogrnphic feature within the CCI'INEP study area fom1ed during the late 
Pkisl\lccn.:- is <Il l upland ~;.; pression of former marine pc:riods extending further inlnnd. Although 
its ongin is qu.:stiuncd, a large sand body approximately 4.8 km (3 mi) in width parallels the 
present coast along Encinal :md Liw Oak Peninsulas and l.il•c OaJ.. Ridge. These distincti1·e. 
exposed sand bodies. which can be seen in Fluur Fllun·. Ingle-side. Fulton, and Amnsas National 
Wild lili: Refuge (1\N\VR). are thuught to b~ citl1cr a former harrier island (Price. I ')33) or harrier 
stnmd plain (Wilkinson ct al.. !975). 
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Chronologica lly. beginn ing nbout 50.0110 to 60,000 YI1P (years before present), sea level began 
dropping during the: linnl episodes of Wisconsin glaciation. The Pleistocene Nueces and other 
rivers entered the Gulf of ~h?xico some 93 km (50 nautical miles) e;l!;t of the present shoreline (Fig. 
11.60 and 11.7A) and cut deep river 'alleys into older deposited sediments. About 18.000 YDP, sea 
level began to rise gmdually as the last g,laciation period diminbh.:d (Fig. 11.6C). The lower 
reaches of river valleys began li lling with sediments, btn sea level rise exceeded sedimentation ami 
lower portions of the valleys were <.lrowned (Fig. 11.7B) (LeBlanc and l lodgson. 1959; Brown et al.. 
1976). 

About -1.500 YBP (end of llolocene. beginni ng of Modem time) when sea level was <tbout 4.6 111 

(I 5 ll) below presen t, modern geologic processes became active. When sea level reached its 
apprvximnte present level. 2.800 to 2.500 YBP. sc,·eral natural changes beg~m to occur: ( 1) the 
estuaries hcgan to lill \\ith s.:diment from eroding drO\\Ilcd river valle)' walls and dchaic sediments 
from rivers and streams. \\it:h oyster reefs. and wit:h Gulf of Mexico sediments via tid:tl inle!s: (2) 
streams cominued to erode t:he coastal plain hcadwurd; (3) off.~hor~ shoals slowly coalesced into 
barrier ishnds, restricting bays and I~ goons landward; ('I) coastal marshes. scagr<lss beds, and wind· 
tidal Jlats developed; and, (5) eolian erosion and deposition continued to modify the Modern barri~r 
islands and the rei ict Ingleside (Pleistocene) barrier-strandplain (Fig. II. 7C) (Drown ct al.. 1976 ). 

D. Clinwtc 

The importance of climate on the composition and distribution of estuarine organisms and habitats 
cannot be 0\·erstaled. Geologists and biologists hnve long recognized the importance of 
understanding effects of climate on geologic processes and biota respectively. 

Within the CCBNEP study area wide variability in cl imatic condi tions is the norm. Local ci tizens 
often state "the only thing predictable about our weather here is that it is unpredictable". Carr 
( 1967) discusses the usc of "climatological nonnals" or averages based on day-t:o-day or month-to­
month calculations. but he strongly implies !he tremendous year-to-year variations in unpredictable 
cycles arc not revealed in t:hose "nonnals". Data used to compute climatic averages of precipitation 
and tcmr erature ("nom1als") ind ude the extremes on cit: her side of the averages, but the sometimes 
impressive day-to-day. season-to-season, and even year-to-year variations lie completely obscured 
or embedded in these a,·crages (Carr. 1967). 

Typically, the study area can be characterized as "a subhumid-to-semiarid east coast subtropical 
cl imate. with extreme variability in precipitation" with general ly high humidi ty and infrequent but 
significant killing frosts (Fulbright et al., 1990). The CCBNEP study area mirrors on a small scale 
the north-to-south moist-to-dry gradient characteristic of the entire Texas coast: (Brown et: aL 1976. 
1977: 1\lcGowen ct al.. 1976; Morton and McGowen, 1980). Generally, !he area experiences high 
temperatures along with deficiencies in moisture, especially to the south. Major climatic influences 
are tcmperaltlre, precipitation and evaporation, \\~nd , and u·opical storms or hurricanes. 
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